Toll-like receptors (TLRs) are a family of innate immune system receptors that respond to pathogen-derived and tissue damage-related ligands. TLR signaling in immune cells, glia and neurons can play roles in the pathogenesis of stroke, Alzheimer's disease (AD) and multiple sclerosis (MS). Recent findings suggest that TLR signaling also influences multiple dynamic processes in the developing and adult central nervous system including neurogenesis, axonal growth and structural plasticity. In addition, TLRs are implicated in the regulation of behaviors including learning, memory and anxiety. This review describes recently discovered and unexpected roles for TLRs in neuroplasticity, and the implications of these findings for future basic and translational research studies.
Toll-like receptors
Toll-like receptors (TLRs) are transmembrane pattern-recognition receptors that initiate signals in response to diverse pathogen-associated molecular patterns (PAMPs) [1] . The first Toll protein was discovered in Drosophila melanogaster, where it controls dorso-ventral patterning [2] . A mammalian homologue for Toll, TLR4, was later found to recognize bacterial lipopolysaccharide (LPS), a major cell wall component of gram-negative bacteria [3] . Subsequently, many additional homologues have been identified across diverse species (for a comprehensive evolutionary overview, see [4] ). Until recently, it was believed that while Drosophila Toll plays both immune and developmental roles, mammalian TLRs mediate immune responses of two kinds: i) Orchestration of the immediate specific and global tissue response of the innate immune system to pathogens until the acquired immune response is fully functional. This orchestration is driven primarily by cytokine and chemokine production. ii) Facilitation of adaptive immunity by activating antigen-presenting cells such as macrophages and dendritic cells. However, recent findings suggest that mammalian TLRs also possess developmental roles during embryogenesis, as well as physiological and metabolic roles in adults. For example, TLR5-deficient mice exhibit hyperphagia and develop hallmark features of metabolic syndrome, including hyperlipidemia, hypertension, insulin resistance and increased adiposity [5] .
TLRs are expressed in a variety of mammalian immune system-related cell types including B TLRs rely on receptor dimerization to achieve specificity in agonist recognition. Although most TLRs form homodimers, certain TLRs such as TLR2 can also form heterodimers with TLR1 or TLR6 [1] . In the context of PAMPs, the different TLRs respond to specific classes of pathogens. TLR4 predominantly recognizes LPS from gram-negative bacteria, whereas TLR2 dimerizes with TLR1 or TLR6 to recognize lipopeptides from gram-positive bacteria [1] . TLR5 is expressed in the intestine where it senses bacterial flagellin protein [18, 19] . TLR11 generates an innate immune response upon sensing a parasite-specific surface motif consisting of an acidic loop on profillin from T. gondii [20, 21] . TLRs 3, 7, 8 and 9 are almost exclusively localized to intracellular membranes where they are ideally positioned for activation by nucleic acids of bacterial and viral origin [1] . TLR3 is activated in response to viral doublestranded RNA (dsRNA) [1] . Human TLR8 and its murine orthologue TLR7 recognize viral ssRNA as well as various synthetic imidazoquinolines, that is compounds with a double cyclic organic backbone, which have different affinities toward TLR7 and TLR8 [22] . TLR9 recognizes unmethylated CpG DNA found in bacteria as well as viral genomes [1] .
In addition to the pathogen-derived ligands that activate the different TLRs, endogenous TLR ligands referred to as damage-(or danger-) associated molecular patterns (DAMPs) have been identified. Numerous endogenous ligands have been described and include low molecular weight hyaluronic acid (LMW-HA), fibrinogen, fibronectin, b-defensins, heparin sulfate proteoglycans and heat-shock proteins [23, 24] . Importantly, the signaling outcomes seem to differ between PAMP and DAMP-induced TLR activation. This is probably due to the need to differentiate between pathogen-induced TLR activation that requires immune intervention and tissue damage-induced TLR activation that requires a balance between immune intervention and tissue damage repair [21, 25, 26] . Endogenous 
